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SUBSTITUTED AZAJBICYCLO HEXANE DERIVATIVES 
AS MUSCARINIC RECEPTOR ANTAGONISTS 

FIELD OF THE INVENTION 

This invention relates to derivatives of substituted azabicyclo hexanes. 

The compounds of this invention can function as muscarinic receptor antagonists, 
and can be used for the treatment of various diseases of the respiratory, urinary and 
gastrointestinal systems mediated through muscarinic receptors. 

The invention also relates to a process for the preparation of the compounds of the 
present invention, pharmaceutical compositions containing the compounds of the present 
invention and the methods of treating the diseases mediated through muscarinic receptors. 

BACKGROUND OF THE INVENTION 

Muscarinic receptors as members of the G Protein Coupled Receptors (GPCRs) are 
composed of a family of 5 receptor sub-types (M b M 2 , M 3 , M4 and M 5 ) and are activated 
by the neurotransmitter acetylcholine. These receptors are widely distributed on multiple 
organs and tissues and are critical to the maintenance of central and peripheral cholinergic 
neurotransmission. The regional distribution of these receptor sub-types in the brain and 
other organs has been documented. For example, the Mi subtype is located primarily in 
neuronal tissues such as cereberal cortex and autonomic ganglia, the M 2 subtype is present 
mainly in the heart where it mediates cholinergically induced bradycardia, and the M 3 
subtype is located predominantly on smooth muscle and salivary glands (Nature. 1986; 
323: 41 1; Science, 1987; 237: 527). 

A review in Current Opinions in Chem ical Biolop v 1999; 3: 426, as well as in 
Trends in Pharmacological Sciences 2001; 22: 409 by Eglen et. al., describe the biological 
potentials of modulating muscarinic receptor subtypes by ligands in different disease 
conditions like Alzheimer's disease, pain, urinary disease condition, chronic obstructive 
pulmonary disease etc. 

A review in J.Med.Chem., 2000; 43: 4333 by Christian C. Felder et. al. describes 
therapeutic opportunities for muscarinic receptors in the central nervous system and 
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elaborates on muscarinic receptor structure and function, pharmacology and their 
therapeutic uses. 

The pharmacological and medical aspects of the muscarinic class of acetylcholine 
agonists and antagonists are presented in a review in Molecules. 2001, 6: 142. 

N.J.M. Birdsall et. al. in Trends in Ph armacological SciWp.g 2001; 22: 215 have 
also summarized the recent developments on the role of different muscarinic receptor 
subtypes using different muscaranic receptors of knock out mice. 

Muscarinic agonists such as muscarine and pilocarpine and antagonists such as 
atropine have been known for over a century, but little progress has been made in the 
discovery of receptor subtype-selective compounds making it difficult to assign specific 
functions to the individual receptors. Although classical muscarinic antagonists such as 
atropine are potent bronchodilators, their clinical utility is limited due to high incidence of 
both peripheral and central adverse effects such as tachycardia, blurred vision, dryness of 
mouth, constipation, dementia, etc. Subsequent development of the quarterly derivatives 
of atropine such as ipratropium bromide are better tolerated than parenterally administered 
options but most of them are not ideal anti-cholinergic bronchodilators due to lack of 
selectivity for muscarinic receptor sub-types. The existing compounds offer limited 
therapeutic benefit due to their lack of selectivity resulting in dose limiting side-effects 
such as thirst, nausea, mydriasis and those associated with the heart such as tachycardia 
20 mediated by the M 2 receptor. 

Annual review of Pharmacological Tnvrr.nl 2 001; 41: 691, describes the 
pharmacology of the lower urinary tract infections. Although anti muscarinic agents such 
as oxybutynin and tolterodine that act non-selectively on muscarinic receptors have been 
used for many years to treat bladder hyperactivity, the clinical effectiveness of these 
agents has been limited due to the side effects such as dry mouth, blurred vision and 
constipation. Tolterodine is considered to be generally better tolerated than oxybutynin. 
(W.D.Steers et. al. in Curr. Opin. Invest, Pm P s 2: 268, C.R. Chappie et. al. in Urology, 
55: 33), Steers WD, Barrot DM, Wein AJ, 1996, Voiding dysfunction: diagnosis 
classification and management. In "Adult and Pediatric Urology," ed. JY Gillenwatter, JT 
Grayhack, SS Howards, JW Duckett, pp 1220-1325, St. Louis, MO; Mosby. 3 rd edition.) 
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Despite these advances, there remains a need for development of new highly 
selective muscarinic antagonists which can interact with distinct subtypes, thus avoiding 
the occurrence of adverse effects. 

Compounds having antagonistic activity against muscarinic receptors have been 
described in Japanese patent application Laid Open Number 92921/1994 and 
135958/1994; WO 93/16048; U.S. Patent No. 3,176,019; GB 940,540; EP 0325 571- WO 
98/29402; EP 0801067; EP 0388054; WO 9109013; U.S. Patent No. 5,281601 US 
Patent Nos. 6,174,900, 6,130,232 and 5,948,792; WO 97/45414 are related to 
^substituted piperidine derivatives; WO 98/05641 describes fluorinated, 
1,4-disubstitued piperidine derivatives; WO 93/16018 and W096/33973 are other close art 
references. 

A report in J. Med. Chem., 2002; 44:984, describes cyclohexylmethyl piperidinyl 
tnphenylpropioamide derivatives as selective M 3 antagonist discriminating against the 
other receptor subtypes. 

PCT applications WO 98/00109; 98/00132; 98/00133 and 98/00016 disclose 
isomers of glycopyrolate. 



SUMMARY OF TTTF iNVENTTniv 

The present invention provides substituted azabicyclo hexanes as muscarinic 
20 receptor antagonists which are useful as safe and effective therapeutic or prophylactic 
agents for the treatment of various diseases of the respiratory, urinary and gastrointestinal 
systems, and a process for the syntheses of these compounds. 

The invention also provides pharmaceutical compositions containing the 
25 compounds, and which may also contain pharmaceutical^ acceptable carriers, excipients 
or dxluents which are useful for the treatment of various diseases of the respiratory, urinary 
and gastrointestinal systems. 



30 



The invention also includes within its scope prodrugs of the compounds hi 
general, such prodrugs are functionalized derivatives of these compounds which readily 
get converted in vivo into the defined compounds. Conventional procedures for the 
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selection and preparation of suitable prodrugs are known to the artisan of ordinary skill in 
the art. 



The invention also includes the enantiomers, diastereomers, N-oxides, polymorphs, 
5 pharmaceutically acceptable salts and pharmaceutically acceptable solvates, esters, and 
metabolites of these compounds having the same type of activity. 

The invention further includes pharmaceutical compositions comprising the 
compounds of the present invention, their metabolites, esters, enantiomers, diastereomers, 
10 prodrugs, N-oxides, polymorphs, pharmaceutically acceptable salts or pharmaceutically 
acceptable solvates, in combination with a pharmaceutically acceptable carrier and 
optionally included excipients. 

In accordance with one aspect of the present invention, there are provided 
15 compounds having the structure of Formula I: 




H 



: -Y— N ^ \| — R4 

20 ~ 2 R 3 | 

Formula I 

and their pharmaceutically acceptable salts, pharmaceutically acceptable solvates, esters, 
enantiomers, diastereomers, N-oxides, polymorphs, prodrugs or metabolites, wherein 

25 Ar represents an aryl or a heteroaryl ring having 1-2 hetero atoms selected from the group 
consisting of oxygen, sulphur or nitrogen atoms, the aryl or heteroaryl rings may be 
unsubstituted or substituted by one to three substituents independently selected from lower 
alkyl (d-C 4 ), trifluoromethyl, methylenedioxy, cyano, hydroxy, halogen (e.g. F, CI, Br, I), 
nitro, lower alkoxy (C r C 4 ), amino or lower alkylamino (C1-C4); 

30 

Ri represents hydrogen, lower alkyl (d-C 4 ), lower alkenyl (d-C 4 ), lower alkynyl 
(Ci-C 4 ), aryl or aralkyl; 

R2 represents hydrogen or lower alkyl (Ci-C 4 ); 
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A represents (CH 2 ) n or CO, wherein n is an integer in the range of 0 to 4; 

W represents (CH 2 ) P , wherein p represents 1 to 4; 

5 

X represents O, S, NR or no atom, wherein R represents H or lower alkyl (Ci-C 4 ); 

Y represents CHR 5 CO, (CH 2 ) q or no atom, wherein R 5 represents hydrogen or 
methyl and q represents 1 to 4; and 

10 

R 3 and Rj are independently selected from hydrogen, straight chain or branched alkyl (Ci- 
C 4 ), cycloalkyl, C0 2 C(CH 3 )3, optionally substituted aryl or aralkyl. 

15 In accordance with a second aspect of the present invention, there is provided a 

method for treatment or prophylaxis of an animal or a human suffering from a disease or 
disorder of the respiratory, urinary and gastrointestinal systems, wherein the disease or 
disorder is associated with muscarinic receptors, comprising administering to a patient in 
need thereof, an effective amount of compounds as described above. 

20 

In accordance with a third aspect of the present invention, there is provided a 
method for treatment or prophylaxis of an animal or a human suffering from a disease or 
disorder associated with muscarinic receptors, comprising administering to a patient in 
need thereof, an effective amount of compounds as described above. 

25 

In accordance with a fourth aspect of the present invention, there is provided a 
method for treatment or prophylaxis of an animal or a human suffering from a disease or 
disorder of the urinary system which induce urinary disorders such as urinary 
incontinence, lower urinary tract symptoms (LUTS), etc.; respiratory system such as 
30 bronchial asthma, chronic obstructive pulmonary disorders (COPD), pulmonary fibrosis, 
etc.; and gastrointestinal system such as irritable bowel syndrome, obesity, diabetes and 
gastrointestinal hyperkinesis with compounds as described above, wherein the disease or 
disorder is associated with muscarinic receptors, comprising administering to a patient in 
need thereof, an effective amount of compounds as described above. 
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In accordance with a fifth aspect of the present invention, there is provided a 
process for preparing the compounds as described above. 

The compounds of the present invention exhibit significant potency in terms of 
5 their activity, which was determined by in vitro receptor binding and functional assays and 
in vivo experiments using anaesthetized rabbit. The compounds that were found active in 
in vitro assay were tested in vivo. Some of the compounds of the present invention were 
found to be potent muscarinic receptor antagonists with high affinity towards M 3 
receptors. Therefore, the present invention provides pharmaceutical compositions for 
10 treatment of diseases or disorders associated with muscarinic receptors. Compounds and 
compositions described herein can be administered orally or parentally. 
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DETAILED DESCRIPTION OF INVENTION 

The compounds described herein may be prepared by the techniques well known in 
the art and familiar to the average synthetic organic chemist. In addition, the compounds 
described herein may be prepared by the following reaction sequence as depicted in 
5 Scheme I. 




Formula IV 



Deprotecting agent 

v 




Formula I 
(wherein R4 = H) 
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The preparation comprises condensing a compound of Formula H with the 
compound of Formula m wherein 

At represents an aryl or a heteroaryl ring having 1-2 hetero atoms selected from the group 
consisting of oxygen, sulphur or nitrogen atoms, the aryl or heteroaryl rings may be 
unsubstituted or substituted by one to three substituents independently selected from lower 
alkyl (C1-C4), trifluoromethyl, methylenedioxy, cyano, hydroxy, halogen (e.g., F, CI, Br, 
I), nitro, lower alkoxy (C1-C4), amino or lower alkylamino (C1-C4); 

Ri represents hydrogen, lower alkyl (d-C 4 ), lower alkenyl (Q-Q), lower alkynyl 
(C1-C4), aryl or aralkyl; 

R2 represents hydrogen or lower alkyl (Q -C 4 ); 

A represents (CH 2 )„ or CO, wherein n is an integer in the range of 0 to 4; 

W represents (CH 2 ) p , wherein p represents 1 to 4; 

X represents O, S, NR or no atom, wherein R represents H or lower alkyl (C1-C4); 

Y represents CHR 5 CO, (CH 2 ) q or no atom, wherein R 5 represents hydrogen or methyl 
and q represents 1 to 4; and 

R 3 and R4 are independently selected from hydrogen, straight chain or branched alkyl (C,- 
C 4 ), cycloalkyl, C0 2 C(CH 3 ) 3 , optionally substituted aryl or aralkyl; 



and Q is a leaving group, for example, hydroxy, amino, O-tosyl, O-mestyl and halogen, 
the presence of a condensing agent to give a protected compound of Formula IV, which 
deprotection through reaction with a deprotecting agent gives the compound of Formula I 



m 
on 



The reaction of the compound of Formula H with a compound of Formula IH to 
give compounds of Formula IV can be carried out in the presence of a suitable condensing 
agent, for example, l-(3-dimemylamino propyl)-3 -ethyl carbodiimide hydrochloride 
(EDC) and l,8-diazabicyclo[5.4.0]undec-7ene (DBTJ). 
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The reaction of the compound of Formula II with a compound of Formula m to 
give compounds of Formula IV can be carried out in the presence of a base, for example, 
N-methyl morpholine (NMM), N-methyl-2-pyrroUdinone (NMP), sodium carbonate, 
potassium carbonate, potassium iodide, triethylamine and diisopropylamine. 

The reaction of the compound of Formula II with compounds of Formula DI to 
give compounds of Formula IV can be carried out in a suitable solvent, for example, N,N- 
dimethylformamide, dimethylsulphoxide, toluene, xylene, methanol and dichloromethane 
at a temperature ranging from about 0° C to about 140° C. 

The deprotection of the compound of Formula IV to give compounds of Formula I 
can be carried out with a suitable deprotecting agent, for example, palladium on carbon, 
trifluoroacetic acid (TFA) and hydrochloric acid. 

The compounds of Formula II can be prepared by the reaction between p-methyl 
phenol with cinnamic acid to give the cyclized pyranone product which is then reacted 
with alkyl or aryl halide in a suitable base such as potassium carbonate in methanol. The 
resulting compound is finally hydrolyzed. The compounds of Formula E can also be 
prepared by the method as described in European patent application EP 0325571. 

In the above scheme, where specific bases, condensing agents, deprotecting agents, 
solvents etc. are mentioned, it is to be understood that other bases, condensing agents, 
deprotecting agents, solvents etc. known to those skilled in art maybe used. Similarly, the 
reaction temperature and duration may be adjusted according to desired needs. 

An illustrative list of particular compounds which are capable of being produced 
by Scheme I and shown in Table 1 include: 

Compound No. Chemical Name 

1 . 3-(2-Methoxy-5-methylphenyl)-3-phenylpropionic acid-(3-benzyl-3- 
azabicyclo[3.1.0]hex-6-yl-carbamoyl)methyl ester.(Compound No. 1) 

2. 3-(2-Benzyloxy-5-methylphenyl)-3-phenylpropionic acid (3-benzyl-3- 
azabicyclo[3.1.0]hex-6-yl carbamoyl)methyl ester. (Compound No. 2) 
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N-CS-AzabicyclotS.l.OJhex-e-yO-S-Ca-hydroxy-S-methylpheny^-S-phenyl-l- 
propionic acid. (Compound No. 3) 

N-(3-Azabicyclo[3.1.0]hex-6-yl)-3-(2-memoxy-5-methylphenyl)-3-phenyl-l- 
propionamide. (Compound No. 4) 

3<2-Methoxy-5-methylphenyl)-3-phenylpropionicacid-4-[(3-azabicyclo 
[3.1.0]hex-6-yl)-ethoxy carbonylamino]butyl ester. (Compound No. 5) 

3-(2-Hydroxy-5-methylphenyl)-3-phenylpropionicacid-4-[(3-azabicyclo 
[3.1.0]hex-6-yl)-ethoxy carbonylamino]butyl ester. (Compound No. 6) 

3-(2-Methoxy-5-metbylphenyl)-3-phenylpropionic acid-(3-azabicyclo[3. 1 .0]hex-6- 
yl carbamoyl)methyl ester. (Compound No. 7) 

3-(2-Hydroxy-5-methylphenyl)-3-phenylpropionic acid-(3-azabicyclo[3. 1 .0]hex-6- 
yl carbamoyl)methyl ester. (Compound No. 8) 

N-[(3-Benzyl-3-azabicylo[3.1.0]hex-6-ylcarbamoyl)-methyl]-3-(2-hydroxy-5- 
methylphenyl)-3-phenyl propionamide. (Compound No. 9) 

N-[(3-Benzyl-3-azabicyclo[3. 1 .0]hex-6-yl carbamoyl]-methyl]-3-(2-methoxy-5- 
methylphenyl)-3-phenyl propionamide. (Compound No. 10) 

NK3-Benzyl-3-azabicyclo[3.1.0]hex-6-yl)-3-(2-hydroxy-5-methylphenyl)-3- 
phehyl propionamide. (Compound No. 1 1) 

3-(2-Methoxy-5-methylphenyl)-3-phenylpropionicacid-4-[(3-benzyl-3- 
azabicyclo[3.1.0]hex-6-yl)ethoxy carbonylamino]butyl ester. (Compound No. 12) 

3-(2-Benzyloxy-5-methylphenyl)-3-phenylpropionicacid-4-[(3-benzyl-3- 
azabicyclo[3.1.0]hex-6-yl)-emoxycarbonylaniino]butyl ester. (Compound No. 4) 
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14. N<3-Benzyl-3-azabicyclo^ 

phenyl propionamide. (Compound No. 14) 

15. (R or S^N-O-Benzyl-S-azabicyclop.l.Olhex-e-y^-S-tS-Ca-methoxy-S- 
5 methylphenyl)-3-phenyl propyljamine. (Compound No. 15) 

16. (R or S)-N-(3-Benzyl-3-azabicyclo[3.1.0]liex-6-yl)-3-[3-(2-hydroxy-5- 
methylphenyl]-3-phenylpropyl]amine. (Compound No. 16) 
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Compounds or composition disclosed may be administered to an animal for treatment 
orally, or by a parenteral route. Pharmaceutical compositions disclosed herein can be 
produced and administered in dosage units; each unit containing a certain amount of at 
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least one compound described herein and/or at least one physiologically acceptable 
addition salt thereof. The dosage may be varied over extremely wide limits as the 
compounds are effective at low dosage levels and relatively free of toxicity. The 
compounds may be administered in the low micromolar concentration, which is 
therapeutically effective, and the dosage may be increased as desired up to the maximum 
dosage tolerated by the patient. 

The present invention also includes the enantiomers, diastereomers, N-oxides, 
polymorphs, solvates and pharmaceutically acceptable salts of these compounds as well as 
metabolites having the same type of activity. The present invention further includes 
pharmaceutical composition comprising the molecules of Formula I or metabolites, 
enantiomers, diastereomers, N-oxides, polymorphs, solvates or pharmaceutically 
acceptable salts thereof, in combination with pharmaceutically acceptable carrier and 
optionally included excipients. 

The examples mentioned below demonstrate me general synthetic procedure as 
well as the specific preparation of preferred compounds. The examples are provided to 
illustrate particular aspects of the disclosure and should not be constrained to limit the 
scope of the present invention as defined by the claims. 

EXPERIMENTAL DETAILS 

Various solvents such as acetone, methanol, pyridine, ether, tetrahydrofuran, 
hexane and dichloromethane were dried using various drying reagents according to the 
procedures well known in the literature. IR spectra were recorded as nujol mulls or a thin 
neat film on a Perkin Elmer paragon instrument, Nuclear Magnetic Resonance (NMR) 
were recorded on a Varian XL-300 MH Z instrument using tetramethylsilane as an internal 
standard. 
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Example 1 

Preparation of 3-(2-Methoxy-5-methylphenyl)-3-phenyl propanoic acid-(3-benzyl-3- 
azabicycIo[3.1.0]hexane-6-yI-carbamoyl)methyl ester (Compound No. 1) 

The compound, 3-benzyl-3-azabicylo[3.1.0]hex-6-yl-2-chloroacetamide, 150 mg, 0.65 
mmole, leq (prepared by reacting 3-benzyl-3-azabicylo[3.1.0]hex-6-yl amine with 2- 
chloroacetyl chloride. The compound 3-ber^yl-3-azabicyclo[3.1.0]hex-6rylamine, in turn, 
can be prepared following the procedure of T. F. Braish et al., Synlett 1996, 1100) was 
dissolved in xylene. To the reaction mixture, potassium iodide was added with subsequent 
addition of (2-methoxy-5-methylphenyl)-3-phenyl propanoic acid (230 mg, 0.85 mmole, 
1.5 eq) and l,8-diazabicyclo[5.4.0]undec-7-ene. The reaction mixture was refluxed for 2 
hours. Xylene was removed under pressure and the residue was dissolved in 
dichloromethane. The organic compound was then purified through column 
chromatography using 60% ethyl acetate in hexane. 
Yield = 70% (300 mg) 

1 HNMR (CDCI3, 5): 6.73-7.23 (m, 13 Ar-H), 4.8 (t, 1H), 4.41 (s, 1H), 3.75 (s, 3H), 3.56 
(s,2H), 1.25-3.13 (m, 13H) 
M/Z = 499 (M++1) 

Example 2 

Preparation of 3-(2-benzyloxy-5-methylpheny!)-3-phenyl propanoic acid-(3-benzyl-3- 
azabicyclo [3.1.0]-hex-6-yl carbamoyl)-methyl ester. (Compound No. 2) 

The compound, 3-benzyl-3-azabicyclo[3.1.0]hexa-6-yl-2-chloroacetamide, 150 mg, 0.565 
mmole (prepared by reacting 3-benzyl-3-azabicylo[3.1.0]hex-6-yl amine with 2- 
chloroacetyl chloride. The compound 3-benzyl-3-azabicyclo[3.1.0]hex-6-yl amine, in 
turn, can be prepared by following the procedure of T. F. Braish et al., Synlett 1996, 1 100) 
was dissolved in xylene. To the reaction mixture, potassium iodide was added with 
subsequent addition of (2-benzyloxy-5-methylphenyl)-3-phenyl propanoic acid (294 mg, 
0.85 mmole, 1.5 eq.) and l,8-diazabicyclo[5.4.0]undec-7-ene. The reaction mixture was 
refluxed for 2 hrs. Xylene was removed under pressure and the residue was dissolved in 
dichloromethane. The organic compound was purified through column chromatography 
using ethyl acetate in hexane solvent system. 
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Yield=71.6%(300 mg) 
IRCDCM.cm- 1 ): 1685; 1744 

'H NMR (CDC1 3 ,S): 6.73-7.38 (m, 18Ar-H), 4.95 (t, 1H), 4.47 (s, 2H), 3.53 (s, 2H), 1.26- 
3.13 (m, 14H) 
M/Z: 575.1 (M++1) 

Example 3 

Preparation of N-(3-a 2 abicy C lo[3.1.0]he S .6-yl)-3-(2-hydroxy.5.metliylphenyI)-3- 
phenyl-1 -propanoic acid. (Compound No. 3) 

Step a: The compound, 2-hydroxy-5-methylphenyl-3-phenyl-propanoic acid (520 mg, 2 
mmole) was dissolved in dimethylformamide (9 ml). To the reaction mixture, 3-benzyl-3- 
azabicyclo[3.1.0]hex-6-yl amine (prepared following the procedure of T.F. Braish et. al., 
Synlett 1996, 1100) (376 mg, 2mmole) was added and the resulting reaction mixture was' 
cooled to 0°C. To this, N-methyl morpholine (0.265 ml) and 1-hydroxy benzotriazole, 
HOBT (337 mg) were added and stirred for 10 minutes at 0°C. Finally, l-(3- 
dimethylamino propyl)-3-emyl-carbodiimide hydrochloride was added and the reaction 
mixture was stirred for 30 minutes at 0°C and brought to room temperature. The reaction 
mixture was diluted with water and the compound, N-(3-benzyl-3-azabicyclo[3.1.0]hex-6- 
yl)-3-(2-hydroxy-5-methylphenyl)-3-phenyl-propionamide was extracted with ethyl 
acetate, dried over sodium sulphate and concentrated under reduced pressure. The organic 
compound was purified through column chromatography using 70% ethylacetate in 
hexane as eluent. 

Yield = 62% (531 mg) 
IR (KBr, cm" 1 ) = 1631 
M/Z = 427 (M++1) 

Step b: The compound, N-(3-benzyl-3-azabicyclo[3.1.0]hex-6-yl)-3-(2-hydroxy-5- 
methylphenyl)-3-phenyl-propionamide (200 mg, 0.47 mmole, leq) was dissolved in 
methanol (25 ml) and 10% palladium on carbon (50 mg) was added. The reaction mixture 
was hydrogenated for 2 hrs at 50 Psi. The reaction mixture was filtered over celite pad, 
the filtrate was concentrated and dissolved in dichloromethane. It was washed with brine, 
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dried over sodium sulphate aud concentrated under reduced pressure ,o yield me rifle 
compound. 

Yield = 84.7% (133 mg) 
IR(cm I )=1648 

5 'HNMR (CDC.3, 8): 6.67-7.28 (m, 8Ar-H), 6.67 (s, 1H), 4.86 (,, 1H), 1.25-3.14 (m, 12H) 
M/Z = 336 (M++1) 

Example 4 

Preparation of N K3 -azabicve.op.l.0Jh es -6. yI )-3-(2- m e«ho Iy . 5 - m e t hylphe n yl)- 3 - 
) phenyl-l-propionamide (Compound No. 4) 

Step* The compound, 2-memox y -5.methylphenyl-3-phenyl propanoio acid (270 mg 1 
nunole, 1 eq) was dissolved in dimethylformamide. To me reaetion mixture, 3-benzyl-3- 
azabicyc!o[3.1.0]hex-6-yl-amine (prepared following the procedure of TJF Braish e. al 
Synlefl 1996, .100) (188 mg, 1 mmole) was added and fire resulting reaction mixture was 
cooled ,0 0-C. To flns, N-methyl morphoUne (0.132 ml) and hydroxy benzotriazole (!63 
mg) were added and stirred for !0 minutes at 0»C. Finally, l.(3-dimethylamino propyn-3- 
emyl-carbodiimide hydrocWoride was added and the reaction mixture was stirred for 30 
nnnn.es a, 0°C and brought ,„ room temperature. The reaetion mixture was diluted with 
water and the compound, N-(3-benzyl-3-a Z abicyc.o[3.1.0]hex-6- yl )-3.(2-me f hoxy-5- 
mettrylphenyl>3- P henyl-propionamide was extracted with ethyl acetate, dried over sodium 
sulphate and concentrated. The purification was carried out mrough cohunn 

chromatography using 60% ethyl acetate in hexane as eluent 
Yield = 39% (170 mg) 

n^cm-^-iese 

'HNMR (CDC1„ 5): 1.18 (s, 2H), 3.75 (s, 3H, -OCH3), 6.73-7.3 (m, 13ArH) 
M/Z=441(M*+1) 



Step b: The compound, N-(3-ben 2 yl-3-a Z abicyclo[3.1.01J M x-6-yl)-3-(2-m e fl W xy-5- 
methylphenyl)-3-phenyl propionamide was dissolved in methanol (15 m!), 200 mg of 10% 
paUadmm on carbon was added. The hydrogenation was continued for 4 hrs at 60 psi 
The filtrate was concentrated and dissolved in dichloromethane, washed with brine and 



16 



WO 2004/089898 PCT/IB2003/001288 

dried over sodium sulphate and concentrated under reduced pressure to yield the title 
compound. 

Yield = 75% (78 mg) 

1 HNMR (CDCI3, 5): 6.74-7.26 (m, 8Ar-H), 6.71 (s, 1H), 4.74-4.79 (t, 1H), 3.76 (s, 3H), 
1.11-3.05 (m, 12H). 

Example 5 

Preparation of S-e-meraoxy-S-metoylphenyl^-phenylpropanoic acid-4-[(3- 
azabicyclo[3.1.0]h e x-6-yl]-ethoxy carbonylammo]butyl ester. (Compound No. 5) 

Step a: The compound, 3-benzyl-3-azabicyclo[3.1.0]hex-6-yl-(4-bromobutyl)-carbamic 
acid t-butyl ester, 211.5 mg, 0.5 mmole, 1 eq (prepared by reacting boc-protected 3- 
benzyl-3-azabicylo[3.1.0]hex-6-yl amine, which in turn, was prepared following the 
procedure of T.F. Braish et al., Synlett, 1996, 1100, with l-bromo-3-chloropropane) was 
dissolved in xylene (15 ml). To the reaction mixture, 3-(2-methoxy-5-methylphenyl)-3- 
phenyl propionic acid (203mg, 0.75 mmole, 1.5 eq) and l^-diazabicycloCSAOlundec^- 
ene (0.75 mmole, 1.5 eq) were added. The resulting reaction mixture was refluxed for 2 
hrs. Xylene was removed under reduced pressure and the residue was purified by column 
chromatography by using ethyl acetate in hexane solvent system to yield the compound, 3- 
(2-methoxy-5-methylphenyl)-3-phenyl propionic acid 4-[(3-benzyl-3- 

azabicyclo[3.1.0]hex-6-yl)-ethoxy carbonylaminojbutyl ester. 

Step b: The compound obtained above was dissolved in methanol (30 ml). To this, 

palladium on carbon (10%) was added. The resulting reaction mixture was hydrogenated 

at 60psi for 4 hrs. The reaction mixture was filtered over celite pad. The filtrate was 

dried, concentrated to yield the title compound. 

Yield=78.7% (141mg) 

IR (DCM, cm" 1 ) = 1694, 1734 

1 HNMR (CDC1 3 , 5): 6.71-7.26 (m, 8Ar-H), 4.86-4.92 (t, 1H), 3.97-3.98 (t, 2H), 3.74 (s, 
3H), 1.11-3.49 (m,27H) 
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Example 6 

Preparation of S-Cl-hydroxy-S-methylpheny^-phenylpropionic acid 4- [( 3. 
azabicycIop.l.OJhex-e-y^ethoxyaminolbutyl ester (Compound No. 6) 

Step a: The compound, S-benzyl-S-azabicyclofS.l.OJhex-e-yl^-bromobutyO-carbamic 
add t-butyl ester, 211.5 mg, 0.5 mmole, 1 eq (prepared by reacting boc-protected 3- 
ben 2 yl.3-azabicylo[3.1.0]hex-6-yl amine, which in turn, was prepared following the 
procedure of T. F. Braish et al., Synlett, 1996, 1100, with l-bromo-3-chloropropane) was 
Assolved in xylene (15 ml). To this reaction mixture, 3-(2-ben Z yloxy-5-methylphenyl) 3- 
Phenyl propionic acid (260 mg, 0.75 mmole, 1.5 eq) and l,8-dia2abicyclo[5.4.0]undec-7- 
ene (0.75 mmole, 1.5 eq) were added. The resulting reaction mixture was refluxed for 2 
hrs. Xylene was removed under reduced pressure and the residue was purified by column 
chromatography by using ethyl acetate in hexane solvent system to yield the organic 
compound, 3-(2-benzyloxy-5-methylphenyl)-3- P henyl propionic acid 4-[(3-benzyl-3- 
azabicylo[3.1.0]hex-6-yl)-ethoxy carbonylamino]butyl ester. 

Step b: The compound obtained above (323 mg, 0.47 mmole, 1 eq) was dissolved in 
methanol (20 ml) with the subsequent addition of palladium on carbon (10%) The 
reaction mixture was hydrogenated at 60psi for 3 hrs. The reaction mixture was filtered 
over celite pad and the filtrate was concentrated and dried to yield the desired product 
Yield=84%(200 mg) 
IR (DCM, cm' 1 ) =1665, 1734 

1 HNMR(CDCl3, 8): 6.74-7.34 (m, 8Ar-H), 4.86-4.92 (t, 1H), 3.99-4.08 (t, 4H), 1 10-3 85 
(m, 27H) 



Example 7 

Preparation of 3-(2-methoxy-5.methyIphenyl).3-phenylpropionic acid-(3- 
a 2 abicyclo[3.1.0]hex-6-yI carbamoyl)methyl ester (Compound No. 7) 

The compound, 3-(2-methoxy-5-methylphen y l)-3-phenylpropionic acid-O-benzyl-S- 
azabxcyclo[3.1.0]hexan-6-yl-carbamoyl)methyl ester (193 mg, 0.39 mmole, 1 eq) as 
prepared in Example 1 was dissolved in methanol (20 ml) with subsequent addition of 
palladium on carbon (150 mg of 10%). The reaction mixture was hydrogenated at 60 psi 
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for 3.5 hours at room temperature. Then, the reaction mixture was filtered over a celite 
pad and the clear filtrate was concentrated and dried to yield the product. Yield=70% (1 10 
mg) 

IR (KBr, cm" 1 )=1675, 1746 

1 HNMR (CDC1 3 ,8): 6.74-7.31 (m, 8Ar-H), 4.90-4.93 (t, 1H), 4.44-4.52 (s, 1H) 3 78 (s 
3H), 1.26-3.50 (m, 14H). 



o 



Example 8 

Preparation of 3.(2.hydro X y.5.methylph e nyl)-3-phenyIpropionic acid-(3- 
azabicyclo[3.1.0]hex-6-yI carbamoyl)methyl ester (Compound No. 8) 



The compound, S^-benzyloxy-S-methylphenyD-S-phenyl propionic acid-(3-benzyl-3- 
azabicyclo[3.1.0]hex-6-yl carbamoyl)methyl ester (269 mg, 0.47 mmole, 1 eq) as prepared 
in Example 2 was hydrogenated with the same procedure as in Example 7 to yield the title 
> compound. 

IRpCM^m 1 ): 1658, 1733 

1 HNMR (CDC1 3 ,5): 6.64-7.25 (m, 8Ar-H), 4.75-4.78 (t, 1H), 1.18-4.20 (m, Ar-H) 

Example 9 

Preparation of N-[(3-benzyl.3-azabicyclo[3.1.0]hex-6-yI carbamoyI)-methyl]-3-(2- 
hydroxy-5-methylphenyl)-3-phenyl-propionamide (Compound No. 9) 

The compound, 3-(2-hydroxy-5-methylphenyl)-3-phenyl propionic acid (198 mg 0 77 
mmole, 1 eq) and 2-ammo-N-(3-benzyl-3-azab^^^ 20 ' 0 mg> 

0.179 mmole, 1 eq (prepared by reacting t-butoxy carbonylamino-acetic acid with 3- 
benzyl-S-azabicyloCS.l.OJhex-e-yl amine, which in turn, was prepared following the 
procedure of T. F. Braish et al., SynJett, 1996, 1 100) were dissolved in dimethylformamide 
(3 ml). The reaction mixture was cooled to 0°C with subsequent addition of N-methyl 
morpholine (2.31 mmole, 3 eq) and HOBT (0.77 mmole, 1 eq). The resulting reaction 
nnxture was stirred for 1 hour at the same temperature and then at room temperature. The 
reacnon mixture was diluted with water and extracted the organic compound with ethyl 
acetate. The solvent was removed under reduced pressure and dried. The crude compound 
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was purified by column chromatography using ethyl acetate, methanol and 
dichloromethane solvent system. 
Yield = 12 %( 45 mg) 

fc NMR (CDC1 3 ,6):1.33 (s, 2H), 2.14 (s, 3H, -CH 3 ), 2.4 (d, 2H, -NCH 2 ), 3.12 (d, 5H), 
3.55 (s, 2H, NCH 2 ), 3.72 (s, 2H, -NCH 2 ), 4.83 (t, 1H), 6.6-7.26 (m, 13 ArH). 

Example 10 

Preparation of N-KS-benzyl-S-azabicyclop.l.dhe^-yl carbamoyl]-meth y i]-3(-2. 
methoxy-5-m e thyIphenyl)-3-phenvI propionamide (Compound No. 10) 

The compound, 3-(2-methoxy-5-methylphenyl)-3-phenyl propionic acid (209 mg, 0.77 
mmole, 1 eq) and ^animo-N-P-benzyl-S-a^^ 0 77 

mmole, 1 eq (prepared by reacting t-butoxy carbonyl amino-acetic acid with 3-benzyl-3- 
azabicylo[3.1.0]hex-6-yl amine, which in turn, was prepared following the procedure of T 
F. Braish et al., Synlett 1996, 1100) were dissolved in dimethylformamide (5 ml). The 
reaction mixture was cooled to 0°C with subsequent addition of N-methyl morpholine 
(0.13 ml) and 1-hydroxy benzotriazole, HOBT (105 mg). The resulting mixture was 
diluted with water and extracted the organic compound with ethyl acetate. The solvent 
was removed under reduced pressure. The crude organic compound thus obtained was 
purified by column chromatography using 80% ethyl acetate in hexane. Yield=367 mg 
*H NMR (CDC1 3 8): 6.72-7.29 (m, 13 ArH), 4.41(t, 1H), 3.73(s, 3H, OCH 3 ), 3.52 (s, 2H). 

Example 11 

Preparation of N-(3-benzyl.3.azabicyclo[3.1.0]hex-6- y D-3.(2-hydrox y -5- 

methvlphenvl)-3-phenyl propionamide. (Compound No. 11) 

The compound, 3-(2-hydroxy-5-methylphenyl)-3-phenyl propionic acid (512 mg, 2 
mmole, 1 eq) and S-benzyl-S-azabicyclofS.l.OJhex- 6-yl amine, 376 mg, 2 mmole leq 
(prepared following the procedure of T. F. Braish et al., Synlett 1996, 1100) were 
dissolved in dimethylformamide and cooled to 0°C. To the reaction mixture, N-methyl 
morpholine (2.4 mmole, 1.2 eq) and 1-hydroxy benzotriazole, HOBT (2.2 mmole, 1 1 eq) 
were added. Finally, to the reaction mixture EDC. HC1 (460 mg, 2.4 mmole, 1 eq) was 
added. The reaction mixture was stirred for 1 hour at 0°C and then at room temperature. 
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The reaction mixture was diluted with water, and the organic compound was extracted 
wmi ethyl acetate, dried over sodium sulphate and concentrated under high vacuum. The 
crude compound was purified by column chromatography using 40% ethyl acetate in 
hexane. 

Yield=42.25% (360 mg) 
IR(DCM,cm- 1 )=1631 

'H NMR (CDC1 3 ,5): 1.25 (s, 2H), 2.1 (s, 3H), 2.37 (d, 2H), 3.00 (m, 5H), 3.59 (5, 2H), 
4.87 (m, 1H), 6.63-8.00 (m, 13Ar-H) 

Example 12 

Preparation of a^-methoxy-S-methylphenyD-S-phenylpropionic acid-4-[(3-benzyl-3- 
azabicyclo[3.1.0]hex-6-yl)-ethoxy carbonylaminojbutyl ester (Compound No. 12) 

This compound was prepared as described in step (a) of Example 5. 
Yield=98% (300 mg) 
IR(DCM, cm' 1 )=1688, 1730 

1 HNMR (CDC1 3 ,5): 6.70-7.27 (m, 13Ar-H), 4.88 (t, IH), 3.94-3.96 (t, 2H>. 3.73 (s, 3H) 
3.56 (s, 2H), 1.43-3.10 (m, 25H) 

Example 13 

Preparation of 3-(2-benzyloxy-5-methyIphenyl)-3-phenyl propionic acid-4-[(3-benzyl- 
3-azabicycIo[3.1.0]hex-6-yl)-ethoxy carbonyl amino]butyl ester (Compound No. 13) 

This compound was prepared in the same way as step (a) of Example 5 by using 3-(2- 
benzyloxy-S-methylphenyD-S-phenyl propionic acid (260 mg, 0.75 mmole, 1.5 eq) instead 
of 3-(2-methoxy-5-methylphenyl)-3-phenyl propionic acid. 
Yield=100% (445 mg) 

DR. (DCM, cm" 1 )=1686, 1729 

, HNMR(CDC1 3 , 8): 6.78-7.31 (m, 18Ar-H), 5.00 (s, 2H), 4.99 (t, IH), 3.90 (s, 2H), 3.57 
(s,2H), 1.27-3.11 (m,27H). 

Example 14 
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Prepration of N-O-benzyl-S-azabicyclota.l.OJhex.e-yD-a^-methoxy-S. 

methyIphenyI)-3-phenylpropionamide (Compound No. 14) 

The compound, N-O-benzyl-S-azabicycloP .1.0]hex-6- y l)-3-(2-methox y -5-meth y lphen y l)- 
3 P hen y l- P ro P ionamide was prepared in a same way as in Example 11 by using 3-(2- 
methoxy-5-methylphenyl)-3-phenyl-pro P ionic acid (270 mg, 1 mmoie, 1 eq) instead of 3- 
(2-hydroxy-5-methylphenyl)-3-phenyl propionic acid. 
Yield=39% (170mg) 

(M/Z)=441(M 4 ) 

X H NMR (CDCI3, 5): 1.18 (s, 2H), 3.75 (t, 3H, OCH 3 ), 6.73-7.3 (m, 13ArH). 

Example 15 

Preparation of (R or S).N-(3-ben2yI.3.azabicyclo[3.1.0]hex-6-yI].[3.(2-methoxy-5- 
methylphenyl)-3-phenyl propyl]amine (Compound No. 15) 

The compound, toluene-4-sulphonic acid-3-(2-methoxy-5-methylphenyl)-3-phenylpropyl 
ester (prepared as described in EP 0325571,1.5 gm, 3.66 mmole, 1 eq) was dissolved in 
dry acetonitrile (4 ml). To the reaction mixture, 3-benzyl-3,6-diazabicyclo[3.1.0]hex-6-yl 
amine, 1.38 gm, 7.32 mmole, 2 eq, (prepared according to T. F. Braish et al. Synlett 1996, 
1100) and triethylamine (5.1 ml) were added. The resulting reaction mixture was heated 
at 80°C for 4 days. The solvents were evaporated off .from the reaction mixture under 
reduced pressure. The residue was dissolved in ethyl acetate, and washed with saturated 
sodium bicarbonate solution. The organic layer was separated, dried over sodium sulphate 
and concentrated under high vaccum. The crude compound was purified through column 
chromatography using ethyl acetate in hexane solvent system. 
Yield=367mg. 

l H NMR (CDCI3, 5): 6.72-7.29 (m, 13Ar-H), 4.41 (t, 1H), 3.73 (s, 3H) 3.52 (s, 2H) 
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Example 16 

Preparation of (R or SWa-benzyW-azabicyclofS.l.Olhe^-yy.p^-hydroxy-S- 
methylphenyl)-3-phenyl propylamine (Compound No. 16) 

This compound was prepared following the procedure as described in Example 15 by 
using toluene-4-sulphonic acid-3-(2-h y drox y -5-meth y lphen y l)-3-phen y l P ro Py l ester 
instead of toluene-4-sulphonic acid-3-(2-methox y -5-meth y lphen y l)-3-phen y lpro Py l ester. 

Biological Activity 
Radioligand Binding Assays: 

The affinity of test compounds for M 2 and M 3 muscarinic receptor subtypes was 
determined by [ 3 H]-N-meth y l scopolamine binding studies using rat heart and 
submandibular gland, respectively as described by Moriya et al., (Life Sci. 1999 64(25V 
2351-2358). 

Membrane preparation: Submandibular glands and heart were isolated and placed in ice 
cold homogenizing buffer (HEPES 20 mM, 10 mM EDTA, and pH 7.4) immediately after 
sacnfice. The tissues were homogenized in 10 volumes of homogenizing buffer and the 
homogenate was filtered through two layers of wet gauze and filtrate was centrifuged at 
500g for lOmin. The supernatant was subsequently centrifuged at 40.000g for 20 min. 
The pallet thus obtained was resuspended in same volume of assay buffer (HEPES 20 
mM, EDTA 5 mM, pH 7.4) and were stored at -70°C until the time of assay. 

Ligand binding assay: The compounds were dissolved and diluted in dimethylsulfoxide. 
The membrane homogenates (150-250 ug protein) were incubated in 250 ul of assay 
buffer (HEPES 20 mM, pH 7.4) at 24-25°C for 3hour. Non-specific binding was 
determined in the presence of 1 uM atropine. The incubation was terminated by vacuum 
filtration over GF/B fiber filters (Wallac). The filters were then washed with ice-cold 50 
mM Tris HCI buffer (pH 7.4). The filter mats were dried and bound radioactivity retained 
on filters was counted. The IC 50 & Kd were estimated by using the non-linear curve- 
fittuig program using G Pad Prism software. The value of inhibition constant Ki was 
calculated from competitive binding studies by using Cheng & Prusoff equation (Biochem 
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HKmacoL 1973.22: 3099-3108), Ki - IC X /( l+ iyKd), where L is the concentration of 
[ H]NMS used in the particular experiment. 
pKi = -log Ki 
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Functional Experiments using isolated rat bladder: 
Methodology: 

Animals were euthanized by overdose of urethane and whole bladder was isolated and 
removed rapidly and placed in cold Tyrode buffer with the following composition 
(mMol/L) sodium chloride 137; KC1 2.7, CaCl 2 1.8, MgCl 2 0.1; NaHC0 3 11.9, NaH 2 P0 4 
0.4; Glucose 5.55 and continuously gassed with 95% 0 2 and 5% C0 2 

The bladder was cut into longitudinal strips (3 mm wide and 5-6 mm long) and mounted in 
10 ml organ baths at 30°C, with one end connected to the base of the tissue holder and the 
other end connected to a polygraph through a force displacement transducer. Each tissue 
was maintained at a constant basal tension of 2 g and allowed to equilibrate for Ihour 
duringwhich the PSS was changed every 15 min. At the end of equilibration period the 
stabxhzatxon of the tissue contractile response was assessed with 1 u mol/L of carbachol 
consecutively for 2-3 times. Subsequently, a cumulative concentration response curve to 
carbachol (10- mol/L to 3 x 10 * mol/L) was obtained. After several washes, once the 
basehne was achieved, cumulative concentration response curve was obtained in the 
presence of NCE (NCE added 20 min. prior to the second CRC). 

The contractile results were expressed as % of control E max ED50 values were calculated 
by fithng a non-linear regression curve (Graph Pad Prism). PKB values were calculated by 
the formula pKB = -log [(molar concentration of antagonist/(dose ratio-1))] 
where, 

dose ratio =ED50 in the presence of antagonist/ED50 in the absence of antagonist. 
The results of in-vitro test are listed in Table - H. 
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WMe the present invention has been deseribed in terms of its speeifie 
^bodunents, certain modifications and eonivaients wiU be apparent to those wXZ 
art and are tntended to be inohrded within Ore scope of the present invention 
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